Phototaxis and photophobic responses of green algae are mediated by rhodopsins with microbial type chromophores, i.e. all-trans-retinal in the ground state. The green alga Chlamydomonas reinhardtii was recently completely sequenced and the EST (expressed sequence tag) database was made public. We and others detected overlapping partial cDNA sequences that encode two proteins which we termed channelopsins (Chops). The N-terminal half of chop1 (∼300 of 712 amino acids) comprises hypothetical seven-transmembrane segments with sequence similarity to the proton pump bacteriorhodopsin and the chloride pump halorhodopsin. Even though the overall sequence homology is low, several amino acids are conserved that define the retinal-binding site and the H + -transporting network in BR (bacteriorhodopsin).
Animal and microbial-type rhodopsins
The vision of vertebrates and invertebrates evolved differently, but both use rhodopsin as the primary photoreceptor. Rhodopsins are proteins with seven-transmembrane (7-TM) helices which regulate, via a signalling chain, the activity of ion channels. These ion channels may be called indirectly 'light-sensitive'. Animal rhodopsins belong to the large family of G-protein-coupled receptors. All rhodopsins consist of a protein moiety, the opsin, and a covalently linked (as Schiff base to a lysine in TM-7) chromophore, retinal. The chromophore is 11-cis-retinal in the ground state of animal rhodopsins. Archaea contain similar (still 7-TM), but different rhodopsins; however, with other functions. These microbial-type rhodopsins contain all-trans-retinal in the ground state and are not G-protein-coupled receptors, but are lightactivated ion pumps, that enable cells to store light energy, or photoreceptors, enabling efficient phototaxis. BR (bacteriorhodopsin) (a proton pump) and HR (halorhodopsin) (a chloride pump) use photons for active ion transport, whereas the sensory rhodopsins I and II couple to their specific transducer to trigger a signalling chain to the flagellar motor.
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Microbial-type rhodopsins are also found in bacteria and eukaryotes. For green algae, it was suggested that microbial-type rhodopsins trigger phototaxis [1] . In green algae, photoreceptor currents occur with a delay of less than 30 µs after flash stimulation [2, 3] , suggesting an intimate link between photoreceptor and electrical conductance. It was not possible to clone these opsins, but overlapping partial cDNAsequences have appeared in an EST (expressed sequence tag) database [4] of the green alga Chlamydomonas reinhardtii, that encode opsin-related proteins. The sequences, which we named channelopsins (Chop1 and Chop2), are shown in Figure 1 (a). The core regions (approx. 300 N-terminal amino acid residues out of more than 700) comprise hypothetical 7-TM segments with sequence similarity (15-20%) to the archaeal SR (sensory rhodopsins), the ion transporters BR and HR (see the cartoon of the hypothetical structure of Chop2 in Figure 1b ). The consensus motif LDXXXKXXW suggests that Lys 296 in Chop1 and Lys 257 in Chop2 is the retinal-binding amino acid. Of the 22 amino acids that are in direct contact with the retinal in BR, 60% are identical (nine amino acids) or conservatively exchanged (four amino acids) in Chop1. Photocurrent measurements on C. reinhardtii cell populations, in which the ratio of Chop1 and its homologue Chop2 has been changed by an antisense approach, demonstrated that both functional channel-rhodopsins, ChR1 and ChR2, contribute to the photoreceptor currents, but the mechanism has remained obscure [5] . Antibodies against Chop1 detected expression in the eye spot [6] where previously the tightly coupled photoreceptor-ion conductance complex was localized [7] .
Photoconductance of ChRs
When we expressed ChR1 in oocytes of Xenopus laevis, we observed a light-induced conductance increase which, in contrast with BR or HR, showed all signs of a passive, lightsensitive ion permeability (Figure 2a) . Whereas BR shows a positive photocurrent over the whole voltage range, in accordance with its active, light-energized, outward pumping of positive charge (H + ), the photocurrent for ChR1 is positive at positive voltages, zero at −15 mV, and negative at further negative voltages, clearly indicating a passive movement of ions, with the direction depending on the electrochemical potential. Further experiments revealed that the reversal potential of ChR1-induced photocurrents did not depend on the presence of anions or most cations, but depended strongly on internal and external pH, i.e. the electrochemical potential for protons. Experiments at different temperatures showed high activation energy for the photocurrent decay upon switching off the light, whereas the amplitude of the photocurrent had a relatively small activation energy. We therefore concluded that ChR1 is a directly light-gated proton channel [8] . Interestingly, ChR1 could be shortened artificially to only 346 amino acids (the N-terminal half) and still showed the function of a light-gated proton channel.
Similarly, we observed a passive light-sensitive ion permeability when expressing ChR2 (737 amino acids) or its N-terminal half (amino acids 1-315) in oocytes [9] , noticing however that the observed photoconductance was much larger (Figure 2b ).
ChR2 as a light-sensitive tool
An analysis of the dependence of the reversal potential of ChR2 photocurrents on ion species revealed that anions had no influence on it, but that ChR2 is permeable to many univalent cations (Figure 3a) . Surprisingly, ChR2 is even permeable to the bivalent cations Ba 2+ and Ca 2+ , but not to Mg 2+ . This permeability was demonstrated by sizable inward currents at pH 9, −100 mV (therefore no driving force for H + ), and the bivalent species as the only cation. Lightinduced Ca 2+ influx was even large enough to activate the endogenous oocyte Ca 2+ -sensitive chloride channels [9] . The N-terminal half of ChR2 (ChR2-315) could also be well expressed in mammalian cells [HEK-293 (human embryonic kidney) or BHK (baby-hamster kidney)], where it again induced a sizable light-sensitive cation conductance. If measured in current-clamp mode, we observed distinct lightinduced depolarization of oocytes or HEK-293 cells, if they expressed ChR2 (Figure 3b ). ChR2 seems therefore to have the potential to become a useful tool to depolarize cells or to load them with Ca 2+ , simply by illumination. The action spectrum for ChR2 showed a maximum at 460 nm, a very convenient wavelength, as it is readily available from GFP (green fluorescent protein) applications.
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